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Abstract 
Lee-Kesler (LK) Equation of State (EoS) is the most accurate enthalpy model for gases. The pressures 
at some condensate gas well heads are higher than 70 MPa. Accurate calculating the compressibility 
factors of the high pressure gas is essential to the enthalpy calculation of LK EoS. The basic parameters 
of the LK EoS are the reduced pressure and temperature which should be calculated based on mixing 
rules. This work researches the API, Plocker and Knapp, Lee and Kesler mixing rules, the combinations 
composed of Prausnitz and Gunn high pressure mixing rule and the above three rules. Comparisons of 11 
experimental and calculated compressibility factors show the API mixing rule is the most accurate one 
when the pressure is lower than 20 MPa. Comparisons of 31 experimental and calculated compressibility 
factors show the API+PG mixing rule combination is the most accurate when the pressure ranges from 24 
to 90.5 MPa, and the maximum relative deviation is less than 2%.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keywords: High pressure and high temperature, compressibility factor, condensate gas, Lee-Kesler equation of state, mixing rule; 
1. Introduction 
With the development of petroleum and natural gas production, more and more high pressure 
condensate gas fields have been exploited. For example, the Dina gas filed in the Tarim Basin, China, the 
Karachaganak gas field in Kazakhstan, North Dome filed located between Iran and Qatar. One of the 
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necessary conditions of condensate gas reservoir formation is high pressure and high temperature (HTHP), 
which leads to the pressures at some of the condensate gas well heads are higher than 70MPa [1]. A 
notable problem is that the maximum operating pressure of the gas gathering and processing network is 
12MPa. Thus, the choke valve is often adopted at the well heads to releasing the pressures. As the 
influence of Joule-Thompson effect, the temperature of condensate gas would increase or decrease with 
pressure decreasing when gas flows through a choke valve. The temperatures after choking are the basis 
of the prediction of hydrate formation, liquid holds up in the pipeline, corrosion of pipeline, separators 
and the other equipments [2,3]. Thus, calculate the temperature change during choke is an important issue 
for condensate gas processing and transportation.  
Many researchers have proved that the choke process is iso-enthaly and the Lee-Kesler equation of 
state is the most accurate method for calculating the enthalpy of gas which is closely related to the 
compressibility factor of the gas [4]. Thus, accurate calculation of compressibility is essential for enthalpy. 
Many literatures have researched the compressibility factor calculation method at the pressure lower than 
10MPa. But there are rarely literatures have investigated compressibility factor calculation methods at 
pressure higher than 20MPa. This paper researched the accurate calculation method for condensate gas 
compressibility factors at high pressures based on the LK EOS and mixing rules. 
2. Lee-Kesler EOS and Mixing Rules 
2.1. Lee-Kesler EOS 
The general form of Lee-Kesler (LK) EoS is [5]: 
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Where, pr is reduced pressure, p/pc; p is pressure; pc is pseudocritical pressure; Vr=pcV/RTc; V is mole 
volume for simple fluid or heavy reference fluid(n-Octane); R is gas constant; Tr is reduced temperature, 
T/Tc; Tc is pseudocritical temperature; T is temperature; b1,b2,b3,b4, c1, c2, c3,c4,d1,d2,β,γ are constants 
which can be obtained in the API Databook [4].  
Through liquid-valor equilibrium calculation, the composition of each phase can be determined. Then, 
the pseudocritical parameters Tc and pc can be calculated by certain EoS mixing rules. Set the variable Vr
as the unknown, Eq.(1) can be solved by Newton Iteration Algorithm. 
2.2. Mixing Rules 
The pseudocritical parameters of the mixture should be calculated by mixing rules when the LK EoS 
is applied to the mixture. In this work, four mixing rules proposed respectively by API Databook [4], Lee 
and Kesler (LK)[5], Plocker and Knaap (PK)[6], Prausnitz and Gunn (PG)[7] are investigated. The API, 
LK and PK rules can calculate the pseudocritical pressure and temperature, but the PG mixing rule is 
developed for pseudocritical pressure calculation at supercritical temperatures (Tr>1) and high pressures 
(Pr>5) on the basis of pseudocritical temperature obtained by another mixing rule. Four combinations of 
pseudocritical temperature mixing rules and PG rule are presented in Table 1, which are suitable for 
calculating the pseudocritical parameters at HTHP only. 
Then which mixing rule is the most accurate one for calculating HTHP compressibility factor is a 
problem should be researched.  
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Table 1. Mixing rules combinations at high pressure and high temperature 
No. Pseudocritical Temperature Pseudocritical Pressure 
 API Prausnitz-Gunn 
3 Lee-Kesler Prausnitz-Gunn 
4 Plocker-Knapp Prausnitz-Gunn 
3. Results and Discussions 
3.1. Compressibility factor comparison at lower pressure  
Xiong [8] used the Ruska2370-601A PVT instrument to test the compressibility factors of sample 1 in 
Table 2. The experiment temperature is 63.5 ℃ and pressures range from 0.97MPa to 20MPa. The results 
are used to evaluate the different mixing rules at lower pressures in this work. The comparison of 
experimental and the calculated compressibility factors by API, LK and PK rules are listed in Table 3. In 
order to compare the rules quantitatively, the relative deviation is defined as Eq.(2): 
exp
exp
100%
calZ ZRD
Z
−= ×                                                                (2) 
Table 2. The composition of experiment samples 
Component Sample1 Sample 2 Component Sample 1 Sample 2 Component Sample 1 Sample 2
C1 96.856 87.122 n-C4 0.074 0.591 C7  0.049 
C2 2.252 4.337 i-C5 0.034 0.258 C8  0.006 
C3 0.397 2.472 n-C5 0.018 0.135 CO2  2.853 
I-C4 0.076 0.837 C6  0.094 N2 0.293 1.248 
Table 3. Comparisons of experimental and calculated compressibility factors at T= 63.5 ℃ of sample 1 
 Experimental API LK PK 
20 0.8109 0.8263 0.8303 0.8288 
18.44 0.8051 0.8209 0.8248 0.8234 
16.50 0.8012 0.8186 0.8224 0.8210 
14.97 0.8028 0.8207 0.8244 0.8230 
13.59 0.8078 0.8259 0.8293 0.8280 
10.67 0.8283 0.8470 0.8498 0.8488 
8.73 0.8481 0.8679 0.8702 0.8694 
6.79 0.8762 0.8932 0.8949 0.8943 
4.85 0.9102 0.9216 0.9228 0.9223 
2.91 0.9404 0.9520 0.9527 0.9525 
0.97 0.9730 0.9838 0.9840 0.9839 
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Fig. 1. Relative deviation between experimental and calculate compressibility factors at lower pressure 
As shown in Table 1 and Fig.1, the RD of 11 compressibility factors calculated by API mixing rule are 
the minimum and the LK rule are the maximum. Then we can conclude that the API rule is the most 
accurate rule at lower pressures. Considering the LK rule is the worst one, the following work doesn’t 
research the application of this rule at high pressures.  
In order to test the compressibility factor of condensate gas of which pressure is higher than 90MPa, 
Guo [9] developed a high pressure PVT instrument. The composition of tested gas is listed in Table 2. 
The experiment compressibility at 59.4℃, 79.0℃, 98.4℃ and the pressures range from 24MPa to 
90.5MPa. The experimental and calculated compressibility factors are listed in Table 4 to Table 6. The 
RD of four mixing rules combinations is depicted in Fig.2. 
Table 4. Comparisons of experiment and calculated compressibility factor at T=59.4℃ of sample 2 
Pressure(MPa) Experiment API PK API+PG PK+PG 
30.42 0.9335 0.9143 0.9241 0.9205 0.9302 
40.69 1.0691 1.0376 1.0465 1.0476 1.0564 
50.21 1.2023 1.1654 1.1735 1.1784 1.1865 
60.11 1.3469 1.3028 1.3104 1.3187 1.3263 
65.12 1.4184 1.3730 1.3804 1.3902 1.3975 
69.79 1.4801 1.4384 1.4456 1.4569 1.4640 
75.25 1.5589 1.5148 1.5218 1.5346 1.5416 
80.30 1.6298 1.5852 1.5921 1.6063 1.6131 
85.10 1.6970 1.6519 1.6587 1.6742 1.6809 
90.36 1.7706 1.7247 1.7313 1.7482 1.7548 
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Table 5. Comparisons of experiment and calculated compressibility factor at T=79.0℃ of sample 2 
Pressure(MPa) Experiment API PK API+PG PK+PG 
30.76 0.9580 0.9448 0.9540 0.9502 0.9594 
41.30 1.0813 1.0570 1.0656 1.0661 1.0747 
50.82 1.2046 1.1730 1.1811 1.1852 1.1932 
59.61 1.3216 1.2854 1.2930 1.2999 1.3075 
65.28 1.4004 1.3589 1.3663 1.3749 1.3823 
69.98 1.4633 1.4202 1.4275 1.4375 1.4446 
75.28 1.5322 1.4895 1.4965 1.5080 1.5150 
79.92 1.5936 1.5500 1.5569 1.5697 1.5766 
85.40 1.6666 1.6215 1.6282 1.6424 1.6491 
89.85 1.7245 1.6793 1.6859 1.7013 1.7079 
Table 6. Comparisons of experiment and calculated compressibility factor at T=98.4℃ of sample 2 
Pressure(MPa) Experiment API PK API+PG PK+PG 
24.09 0.9188 0.9240 0.9323 0.9265 0.9347 
31.39 0.9801 0.9745 0.9832 0.9796 0.9881 
41.11 1.0854 1.0675 1.0758 1.0756 1.0840 
50.31 1.1933 1.1692 1.1772 1.1801 1.1881 
59.52 1.3084 1.2775 1.2851 1.2910 1.2985 
65.50 1.3824 1.3496 1.3569 1.3646 1.3719 
70.32 1.4428 1.4082 1.4154 1.4244 1.4315 
75.78 1.5113 1.4750 1.4819 1.4924 1.4969 
79.75 1.5561 1.5236 1.5304 1.5420 1.5488 
84.98 1.6229 1.5876 1.5943 1.6072 1.6140 
90.50 1.6916 1.6552 1.6617 1.6760 1.6825 
Fig. 2.(a) RD of T=59.4℃; (b) RD of T=79.0℃ ;(C) RD of T=98.4℃
There are 31 compressibility factors of the condensate gas at different temperatures and pressures. As 
shown in Fig.2, the RD between the experimental and calculated compressibility factor by PK+PG 
mixing rule combination is the minimum. The API+PG rule is ranked second. The API rule is ranked 
third and the PK rule is the worst. That means using the PK rule to calculate the pseudocritical pressure at 
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high pressure and high temperature is effective. It also can be seen in the figures that the maximum RD of 
API+PG rule is less than 2%, which indicates the accuracy of the high pressure compressibility factor 
calculation method based on the Lee-Kesler EOS is satisfactory. 
4. Conclusions 
Lee-Kesler EoS is a corresponding theory model which is the most accurate enthalpy model for gases. 
The basic parameters of the model are reduced pressure and temperature which should be calculated 
based on mixing rules. This work has researched the API, PK, LK mixing rules, the combinations of PG 
high pressure mixing rule and the above three rules. Comparisons of 11 experimental and calculated 
compressibility factors show the API mixing rule is the most accurate rule when the pressure is lower 
than 20 MPa. Comparisons of 31 experimental and calculated compressibility factors show the API+PG 
mixing rule combination is the most accurate when the pressure ranges from 24 to 90.5 MPa, and the 
maximum relative deviation is less than 2%. The achievements of this work provide an effective method 
to calculate the compressibility factor of high pressure condensate gas, which is the basis of high pressure 
condensate gas enthalpy calculation and choke simulation. 
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